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Optimization for the Fermentation Condition of
Persimmon Vinegar using Response Surface Methodology
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Abstract

To utilize astringent persimmon (Diospyros kaki, T.) effectively, response surface methodology (RSM) was
applied to optimize and monitor the vinegar fermentation conditions by two stage fermentation. In the first
stage, the fermentation conditions for maximum alcohol content was 20.51°brix in sugar concentration of
astringent persimmon, 139.52 rpm in agitation rate, and 94.88 hr in fermentation time. When sugar concentration
of astringent persimmon was 14 °brix, maximum alcohol content predicted by response surface methodology
was 7.1% at agitation rate of 40 rpm and fermentation time of 120 hr. In the second stage, the fermentation
conditions for maximum acidity was 224.40 rpm in agitation rate, 176.07 hr in fermentation time. Alcohol
content and acidity predicted at the optimum conditions were similar to experimental values.
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Table 1. Experimental data for alcohol content and acidity under different conditions of sugar concentration,
agitation rate and fermentation time for astringent persimmon wine

Exp Fermentation conditions Physicochemical properties
No. Sugar conc. (‘brix) Agitation rate (rpm) Fermentation time (hr) Alcohol content (%) Acidity
1 12 (-1) 50 (-1) 72 (-1) 5.8 0.42
2 12 (-1) 50 (-1) 120 (1) 6.5 0.47
3 12 (-1) 150 (1) 72 (-1) 5.5 0.42
4 12 (-1) 150 (1) 120 (1) 5.5 0.55
5 18 (1) 50 (-1) 72 (-1) 7.4 0.50
6 18 (1) 50 (-1) 120 (1) 79 0.58
7 18 (1) 150 (1) 72 (-1) 7.7 1.14
8 18 (1) 150 (1) 120 (1) 8.0 1.19
9 15 (0) 100 (0) 96 (0) 7.0 1.15
10 15 (0) 100 (0) 96 (0) 7.0 1.20
11 21 (2) 100 ( 0) 96 ( 0) 9.4 135
12 9 (-2) 100 (0) 96 (0) 32 0.94
13 15 (D) 200 (2) 96 (0) " 6.9 0.60
14 15 (0) 0 (-2) 9% (0) 7.4 0.59
15 15 (0) 100 (0) 144 (2) 6.7 1.05
16 15 (0) 100 (0) 48 (-2) 7.1 1.04
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Fig. 1. Response surface for alcohol content in alcohol
fermentation using astringent persimmon fruits at
constant values (alcohol content : 5.0-6.0-7.0-8.0%) as
a function of sugar concentration of persimon fruits,
agitation rate and fermentation time.
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Fig. 2. Response surface for acidity in alcohol fermenta-
tion using astringent persimmon fruits at constant values
(acidity : 0.6-0.8-1.0-1.2) as a function of sugar concentra-

tion of persimmon fruits, agtation rate and fermentation
time.
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Table 2. Predicted levels for physicochemical properties of astringent persimmon wine yielding optimum responses

by analysis of ridge

Fermentation Alcohol content Acidity
conditions maximum minimum maximum minimum
Sugar conc. (*Brix) 20.51 9.17 20.46 16.19
Agitation rate (rpm) 139.52 123.81 141.47 2.00
Fermentation time (hr) 94.88 96.81 97.75 95.53
Predicted value 8.93 3.63 1.44 0.23
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Fig. 3. Contour map for alcohol conteat in alcohol
fermentation using 14 "brix astringent persimmon fruits
at constant values (alcohol content : 6.18-6.36-6.54-6.72-
6.90-7.08%) as a function of agtation rate and fer-
mentation time.
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Fig. 4. Contour map for acidity in aloohol fermentation
using 14°brix astringent persimmon fruits at constant
values (acidity : 0.40-0.55-0.70-0.85) as a function of agita-

tion rate and fermentation time.
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Fig. 5. Superimposed contour map for optimization of
alcohol content and acidity in alcohol fermentation using
14°brix astringent persimmon fruits.

Table 3. Experimental data for acidity under different
conditions of agitation rate and fermentation time for
astringent persimmon vinegar

Fermentation conditions Physwochc?mlca]
Exp properties

No.  Agitation rate

Fermentation time

(rpm) (br) Acidy
1 200 (1) 120 (-1) 4.02
2 200 (1) 168 ( 1) 6.60
3 100 (-1) 120 (-1) 1.71
4 100 (-1) 168 (1) 2.97
5 150 ( 0) 144 (0) 3.06
6 150 ( 0) 144 (0) 4.14
7 250 (2) 144 (0) 6.36
8 50 (-2) 144 (0) 1.38
9 150 (0) 192 (2) 6.27
10 150 (0) 9 (-2) 1.32
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Fig. 6. Contour map for acidity in vinegar fermentation
using astringent persimmon fruits by optimum alcohol
fermentation condition (14°brix, 50 rpm and 130 hrs)
at constant values (acidity : 0.94-2.42-3.90-5.39-6.87-8.35)
as a function of agitation rate and fermentation time.

M 2T BN HAzAE AA HES B3
AHEAL 798)%} §A18HA vhehdeh. o)s) Zbo) whe
FARHoR WePNE AZEAG VA 2
APEE 2% R FRele] BEEAL Hdsheln W
xR B T4 4% MsE eUeYY 4 9
ek,

2 <%

W27k o84 FAlF Fale] 7k A E @
xS A8t o] dAsta w7t
eFdAte] 7FsR A Z-E HYslr) ek ukg
PN R Ax Arze dEnEe) 2btE
AR Pt RueEsich 1 A9 194 ¢
AN =] AU E el 2L
B7+e] %% 20.51 Brix, Z4FE5E 139.52 rpm, BFE A
Zb 94.88 hro2 vtebgrh et gezbe) gxs)
14°Brix % 4)-& ZIelete] Algxnrion 29des
14°Brix2 A& F A 2708 A Sele] 2 A3} 0E
AlZY 120 hr, SRS 40 pmell A GE5go] 7.1%
2 vehdr} o]} o] MYH 2o RS
3 F AR ZAMEAE dsle] bl EEAS
A& A3t Fale] HAAE Hehe 228
25 224.40 tpm, LHA|ZF 176.07 hez vhepyde}.



1208 A E)3E A A 309

AzAH 3% FITUE Y 2AbUEe] ARE
A2 02 AR BEE W Aok fAbsig

#Ale] &

¥ d7e 19745 st Aty
A d7u) Ao 2j3te] SR Ao AR-2 ofel
AAp=giviet

2 H

1. Moon, S.Y., Chung, H.C, and Yoon, H.N.: Comparative
analysis of commercial vinegars in physicochemical pro-
perties, minor components and organoleptic tastes (in
Korean). J. Food Sci. Technol, 29, 663-670 (1997)

2. Aok, Az, olWr) 2SR N BAT
A E AT B4 (1995)

3. Nakanc, S.: Food useful for preventing alcohol intoxication-
containing persimmon-vinegar and optimum fruits, with
blood alcohol concentration reducing action, Japan.
patent, 63, 562-566 (1988)

4. Bl Mgl W3 o Al A EAE) 17, 2837
(1984)

5. Sohn, T.H and Seong, J.H.: Studies on the mechanism
of nonastrin production of tannin in persimmon (in Korean).
J. Food Sci. Technol., 13, 261-266 (1981)

6. Welled T B 7F A=A 8 7hgel § g
uhol of . FEZEA, A3 b M A (1994)

7. Kim, M K., Kim, M.J,, Kim, S.Y, Jung, D.S, Jung, Y.J.
and Kim, S.D.: Quality of persimmon vinegar fermented
by complex fermentation method (in Korean). J. East
Asian Dietary Life, 4, 39-44 (1994)

8. Hong, J.H., Lee, G.M. and Hur, S.H.: Production of
vinegar using deteriorated deastringent persimmons during
low temperature storage (in Korean). J. Korean Soc. Food

=]

10.

11.

12.

13.

14.

15.

16.

A 5 & (1998)

Nutr., 25, 123-1128 (1996)

. Jeong, Y.J., Shin, S.R., Kang, M.J., Seo, C.H., Won, C.

Y. and Kim, K.S.: Preparation and quality evaluation of
the quick fermented persimmon vinegar using deteriorated
sweet persimmon (in Korean). J. East Asian Dietary
Life, 6, 221-227 (1996)

Darimsch, H., and Dieter, V.: Measurment, control, and
modeling of submerged acetic acid fermentation, J.
Ferment. Bioeng., 73, 26-31 (1992)

Jeong, Y.J, Seo, K.L, Lee, G.D., Youn, K.S., Kang, M.
J. and Kim, K.S.: Monitoring for the fermentatioon
conditions of sweet persimmon vinegar using response
surface methodology (in Korean). J. East Asian Dietary
Life, 8, 57-65 (1998)

Nakabayashi, T.: Studies on tannins of fruits and
vegetables, Part IV. Deproteining activity of tannins.
Nippon Shokuhin Kogyo Gakkaishi, 15, 502-507 (1968)
Minoru, N., Hideyuki N., Kaoru M., Ichiji Y. and
Shohei A.: Changes in the composition of persimmon
vinegar induced by Acetobacter sp. isolated from 'Sanja’
persimmon fruits during the fermentation. Nippon
Shokuhin Kogyo Gakkaishi, 34, 818-823 (1987)

Jeong, Y.J., Seo, K, Shin, S.R, Seo, C.H., Kang, M.I.
and Kim, K.S.: Yeast isolate for alcohol fermentation of
persimmon fruits (in Korean). J. East Asian Dietary Life,
7, 538-544 (1997)

Lee, G.D., Kim, JS. and Kwon, J.H.: Monioring of
cynamic changes in Maillard reaction substrates by re-
sponse surface methodology (in Korean). J. Food Sci.
Technol., 28, 212-219 (1996)

Floros, J.D. and Chinnan, M.S.: Optimization of pimento
pepper lyepeeling process using response surface methodo-
logy, Trans. of ASAE, 30, 560-566 (1987)

. SAS : SAS/STAT : User's Guide Version 6, 4th ed., vol.

2, SAS Institute Inc., p.1457 (1990)

(1998 39 279 #5)



